BACKGROUND-Chemoradiotherapy has become the standard of care for head and neck squamous cell carcinoma; however, those patients often experience multiple treatment-related symptoms or symptom clusters. Two symptom clusters have been identified for this population. Little is known about the risk factors of these symptom clusters.
INTRODUCTION
Chemoradiotherapy has become the standard of care for head and neck squamous cell carcinoma because of the radiosensitizing effect of certain chemotherapeutic agents. 1 Individually, chemotherapy and radiotherapy are both linked to multiple, adverse, treatmentrelated symptoms. 2 These symptoms become even worse when patients receive chemoradiotherapy because the effect of the modalities is synergistic. Many of these symptoms negatively affect patients' quality of life and functional status, especially when they present either temporally or biologically as a symptom cluster. 3 However, the cascade of symptoms may be prevented or alleviated by treating the first presenting or the most influential symptom in a cluster.
Our previous study 4 found two stable symptom clusters for head and neck cancer (HNC) patients who received concurrent chemoradiotherapy in a randomized phase III clinical trial, the Radiation Therapy Oncology Group (RTOG) 0129. One symptom cluster was specific to the head and neck, the other to the gastrointestinal system. The symptom cluster of the former comprises seven symptoms: dry mouth, dysphagia, fatigue, pain, radiodermatitis, radiomucositis, and taste disturbance; the symptom cluster of the latter comprises three symptoms: dehydration, nausea, and vomiting. 4 Presently, little is known about the risk factors for symptom clusters due to inconsistent results in other cancer populations and the paucity of HNC studies. 5, 6 Knowing risk factors for symptom clusters allows clinicians to design personalized plans for symptom prevention and management, which might eventually benefit multiple symptoms in a cluster. The purpose of this paper, therefore, is to examine the demographic and clinical risk factors for the two previously identified symptom clusters in a large cohort of patients treated uniformly with concurrent chemoradiotherapy in a prospective randomized phase III clinical trial.
METHODS AND MATERIALS

Study design
This study analyzed data from the RTOG 0129, a phase III randomized clinical trial that compared standard fractionation radiotherapy (SFRT) with accelerated fractionation radiotherapy (AFRT), both in combination with concurrent cisplatin. Adult patients were eligible for this trial if they had selected stage III-IV 7 (T2N2-3M0, T3-4 any N M0) head and neck squamous cell carcinoma without metastasis and major organ disease and had a Zubrod Performance Status of 0-1. Patients were randomized to either SFRT with 70 Gy in 35 fractions within 7 weeks plus three cycles of cisplatin (100 mg/m 2 on days 1, 22, and 43) or AFRT with a concomitant boost to a total dose of 72 Gy in 42 fractions within 6 weeks plus two cycles of cisplatin (100 mg/m 2 on days 1 and 22). All patients who agreed to participate in the study signed informed consent.
Sample
Seven hundred twenty-one patients who received treatment in the RTOG 0129 were included in this study. They were required to meet additional inclusion criteria. Patients had to have had (a) their symptoms assessed at one of three time points: Time 1, at the end of the first cycle of chemotherapy, which was after the first day of radiotherapy (week 1); Time 2, at the end of second cycle of chemotherapy, which was after the twenty-first day of starting radiotherapy (week 4); and Time 3, 3 months after the start of radiotherapy (week 13); (b) at least 90% of radiation per protocol for each arm; and (c) at least one cycle of chemotherapy.
Measurements
Demographic and clinical characteristics were collected by case reports. Clinicians used the National Cancer Institute's Common Toxicity Criteria (CTC) version 2.0 to report treatment-related symptoms. Treatment-related symptoms were rated on a 5-point scale: 1 = minimal severity, 4 = maximum severity, and 5 = death. The CTC v 2.0 included adverse events that were laboratory or diagnostic based (e.g., hyponatremia, leukopenia, or neutropenia). Symptoms in this study included only those adverse events that a patient could report.
The identification of symptom clusters was based on symptoms with more than a 10% average prevalence across the three time points. The clusters were first examined by exploratory factor analysis of 50% of a randomly selected sample; they were then verified by confirmatory factor analysis of the remaining 50% sample that was not used in exploratory factor analysis. Symptom cluster scores were calculated for each patient at each time point, after the identification of symptom clusters. Standardized unit weighting 8 was used for cluster score calculation. Raw scores for each symptom within a cluster were added, then ranked, and finally standardized to T scores. 9
Data analysis
Mixed-effect modeling was generated to assess risk factors for the two symptom clusters over time. Dependent variables were symptom cluster scores at each time point; independent variables were symptom assessment time point, age, gender (male vs. female), years of education (≤12 years vs. >12 years), race (White vs. non-White), marital status (married vs. unmarried), history of tobacco use (no vs. yes), treatment (SFRT vs. AFRT), dose of radiation, primary cancer site (oral cavity, oropharynx, hypopharynx, or larynx), cancer stage (stage III vs. stage IV), and tube feeding (no vs. yes).
Selecting independent variables (risk factors) for the final mixed-effect model involved three steps. First, the bivariate relationships between risk factors were examined for multicolinearity. The t-test, chi-square test, and correlation coefficients were selected for the relationship between categorical and continuous variables, between categorical variables, or between continuous variables, respectively. Variables that were significantly associated with others were excluded from the next step based on their contribution. Second, univariate mixed-effect models were used to observe the effects of the each remaining risk factors on either cluster. Variables with a level of significance less than 0.1 over two time periods (i.e., from Time 1 to Time 2 and from Time 2 to Time 3) were entered into the next step as the risk factors for the stepwise multivariate mixed-effect analysis. The variables with a significance level less than 0.1 for either time period were used to detect the interaction effect with time on clusters. Third, variables at a significance level greater than 0.05 at each step were excluded from the final stepwise mixed-effect model. All data were analyzed using SAS 9.2.
RESULTS
Of the 721 patients enrolled in the RTOG 0129 trial, 19 were excluded for lack of symptoms. Patients who received less than 90% of the radiation dose per protocol for each arm and those who did not receive any chemotherapy were also excluded from the analysis. As a result, 684 patients were involved in the final data analysis. Demographic and clinical characteristics are shown in Table 1 . With the exception of gender and history of tobacco use, all predictors were evenly distributed between the two treatment arms. Patients in the SFRT arm included more men (85%) than women (15%), and more smokers (86%) than nonsmokers (14%). Correspondingly, patients in the AFRT arm included more men (79%) than women (21%), and more smokers (78%) than nonsmokers (22%).
The final multivariate mixed-effect models for the two clusters showed that the demographic characteristics dominated, while clinical characteristics were eliminated. As displayed in Table 2 , the effect of race and education were independent risk factors for the head and neck symptom cluster. Patients who were White or had more than 12 years of education were more likely to have severe symptom clusters than those who were non-White or had less than or equal to 12 years of education (Figures 1 and 2) . Characteristics that independently predicted the gastrointestinal symptom cluster were gender and history of tobacco use. Patients who were female or never smoked were more likely to experience a more severe gastrointestinal symptom cluster than those who were male or those with a history of tobacco use, as shown in Figures 3 and 4 .
Clinical characteristics such as cancer site and treatment arm were only significant in univariate analyses, but not in multivariate analyses, which means that the effect of these characteristics disappeared after controlling for other characteristics such as race, gender, and education. The primary cancer site was the only significant clinical predictor for the head and neck symptom cluster over time (F = 4.72; p = .0029). Patients diagnosed with oropharyngeal cancer had more severe symptoms in the head and neck cluster than those diagnosed with laryngeal cancer. Although treatment arm was not a significant risk factor for either cluster over time, this characteristic was significant for individual symptoms of radiomucositis (p = .020), pain (p = .027), and nausea (p = .033) at 3 months after the initiation of radiotherapy; patients in the AFRT group experienced more severe symptoms than those in the SFRT group. Furthermore, the frequency of those symptoms was significantly higher in the AFRT than in the SFRT group.
DISCUSSION
This study, which used data from a large randomized clinical phase III trial, is the first to explore risk factors for symptom clusters in HNC patients. The findings show that demographic characteristics are significant risk factors for the head and neck and the gastrointestinal symptom clusters over time when controlling for other characteristics; clinical characteristics are only significant when other characteristics are not controlled.
Risk Factors for the Head and Neck Symptom Cluster
Race and education are independent risk factors for the head and neck symptom clusters; however, when the other characteristics were not controlled, the primary cancer site showed a significant predictive effect to this cluster. Patients diagnosed with oropharyngeal cancer had more severe head and neck symptom clusters than those diagnosed with laryngeal cancer. This finding is consistent with other reports of individual symptoms by site where the symptoms in the head and neck cluster (i.e., radiomucositis and dysphagia) are most frequently associated with treatment of the oropharynx. 10, 11 Paired comparisons between these two and other cancer sites were not significant
We hypothesized that patients who received AFRT would have more severe head and neck symptom clusters, but the data supported this hypothesis only in part. Treatment arm was not a significant risk factor for the head and neck cluster in either multivariate or univariate models over time; however, it is a significant risk factor for two symptoms within this cluster, radiomucositis and pain, at 3 months after initiation of radiotherapy. These findings are consistent with previous studies that compared AFRT with SFRT, [12] [13] [14] [15] [16] in which significantly higher incidences of acute mucositis were documented for AFRT than for SFRT. In sum, treatment arm (SFRT vs. AFRT) is a significant predictor of individual symptoms like mucositis and pain, but it may not be a risk factor for the head and neck symptom cluster as a whole.
Race-This study showed that patients who were White were more likely to have severe head and neck symptom clusters than those who were non-White. This higher severity was significant even though Whites had more symptom-protective factors than non-Whites such as less tube feeding and lower radiation doses. As in this study, Whites had more intense upper gastrointestinal symptom clusters than non-Whites in patients with breast cancer. 6 This trend has also been observed in studies of individual symptoms. 17, 18 In contrast, some studies have shown that non-Whites report higher symptom severity scores than Whites. 19, 20 These conflicting findings in literature make it unclear whether the Whites truly experienced more severe symptoms than non-Whites or whether other dynamics might have been at play. For instance, physicians may underestimate symptom severity in minority patients more than in nonminority patients. 21 In addition, social and cultural factors like language and cultural differences can make communication between physicians and minority patients difficult. 22, 23 Given the inconsistent findings in the literature, more research is needed to examine race differences in symptom report and evaluation.
Education-Patients receiving more than 12 years of education were more likely to have severe head and neck symptom clusters. Well-educated patients, who may be better informed about treatment-related symptoms, might find it easier to discuss symptoms with their physician. In a study of women's awareness of ovarian cancer risks and symptoms, researchers found that women with a college degree or higher were significantly more likely to identify symptoms correctly than those with a high school education or less. 24 Other studies also showed that having higher education and more knowledge of a disease encourages behavior to seek health care assistance. 25 Similarly, the more highly educated patients in this study may seek more health care assistance and therefore have the higher potential of reporting more symptoms in these clusters. However, our finding conflicts with some previous studies, in which educated persons were less likely to report problematic symptoms. 18, 26 As the effect of education on symptom report is inconclusive, future research is warranted.
Risk Factors for the Gastrointestinal Symptom Cluster
No significant clinical risk factor for the gastrointestinal cluster was found over time after multivariate and univariate analyses. However, the treatment arm is significant for the symptom of nausea at 3 months after initiation of radiotherapy. Patients in the AFRT group experienced more severe and more frequent nausea than those in the SFRT group after treatment, which is independent of gender and history of tobacco use. Patients in both arms received chemotherapy and radiotherapy but with different chemotherapy cycles and radiation doses. The AFRT group had a higher radiation dose for a shorter time and two cycles of cisplatin; the SFRT group had a lower radiation dose for a longer time but with three cycles of cisplatin. It seems that higher doses of radiotherapy in a shorter time would pose a higher emetic risk than more cycles of chemotherapy. However, the underlying biological mechanisms of this phenomenon are still unclear. Further studies of the effects of different chemotherapy cycles plus different radiotherapy fractionations and doses on nausea are recommended.
Gender-Women in this study tended to report more severe gastrointestinal symptom clusters. Evidence from literature has documented that female gender is a risk factor for nausea and vomiting. 27 For instance, women report more chemotherapy-related nausea and vomiting than men. 28 A similar association has also been recognized in patients who have received only radiation. 29 This association has been further demonstrated in patients who have been treated with concurrent chemoradiation therapy. 30 Several large clinical trials have found that antiemetic protection for women is significantly inferior to that for men, 31, 32 which may explain the connection. Although the precise mechanism underlying the increased risk for female patients remains to be established, the fact that women have a higher risk of nausea and vomiting than men is well-recognized in cancer treatment populations.
History of tobacco use-Patients with a history of tobacco use were less likely to experience a gastrointestinal cluster of dehydration, nausea, and vomiting than patients without a history of tobacco use. This effect is independent of other characteristics such as primary cancer site, treatment arm, and education. Investigations on postoperative nausea and vomiting have shown a similar finding, in which smokers experienced less incidence of the symptoms than non-smokers. 33, 34 This result was not expected because tobacco and nicotine use have shown an emetogenic effect. 35, 36 However, given the fact that many studies have found less symptoms of nausea and vomiting for smokers, 33, 34 some researchers hypothesize that chronic exposure to nicotine or tobacco would desensitize central nicotine receptors, and, subsequently, increase tolerance to the emetogenic effects of anesthesia and surgery. 37 Unfortunately, randomized clinical trials that used either nicotine patch or transcutaneous nicotine to reduce postoperative nausea and vomiting have shown inconsistent results. 34, 37 The underlying biological mechanisms for this phenomenon warrant future examination, which may lead to new antiemetogenic drugs.
Directions for Personalized Symptom Management
Different predictors for different symptom clusters during and post concurrent chemoradiotherapy may help clinicians anticipate symptom profiles and tailor specific symptom management plans. For instance, clinicians may expect head and neck symptom clusters to be more severe for White and well-educated patients and gastrointestinal symptom clusters to be more severe for women and nonsmokers. Consequently, prevention or treatments could be recommended or prescribed for patients with higher risks of certain clusters. Personalized symptom management strategies may alter the course of symptom burden, thereby improving adherence to treatment regimens, short-and long-term quality of life, and possibly survival. Future research on genomic information in high-risk patients who suffer from these symptom clusters will expand the body of knowledge needed to personalized preventive measures and management.
Limitations
Notably, no information was provided on patients' symptom management strategies. These strategies may have an influence on symptom cluster changes over time and, consequently, may change the predictive effects of the risk factors for these clusters. Additionally, symptoms in this study were clinician-not patient-reported, which might be a limitation when considering the literature on patient-reported symptom clusters. However, evidence shows the value of both symptom reporting approaches: symptoms reported by clinicians are more predictive of unfavorable clinical events, while patient-reported symptoms are associated more with their quality of life. 16, 38 A collaborative reporting approach has been proposed to value both clinician-and patient-reported symptoms. 16, 38 Finally, our data analysis might be limited by a relatively small sample of non-White patients, which may not be representative of the larger population of HNC patients.
CONCLUSION
This study investigated the effect of demographic and clinical characteristics as risk factors for two previous identified symptom clusters in HNC patients who received concurrent chemoradiotherapy. Demographic characteristics were more predictive of symptom clusters than clinical characteristics. The risk factors for the two clusters differ: race and education are predictive of head and neck symptom clusters, while gender and history of tobacco are associated with gastrointestinal symptom clusters. Clinical characteristics such as treatment arm are more predictive of certain individual symptoms like radiomucositis, pain, and nausea than of the symptom clusters. The findings are generalizable, because this study used data from the RTOG 0129, a large sample randomized clinical trial that collected data from multiple sites across Canada and the United States. Future research on genomic information in high-risk patients who suffer from these symptom clusters will expand the body of knowledge needed to personalize prevention and management. The estimated severity score for the head and neck cluster over time by race The estimated severity score for the head and neck cluster over time by education The estimated severity score for the gastrointestinal cluster over time by history of tobacco use Table 2 Final mixed effect modeling results (N=684)
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The HNC specific cluster a Having missing cases: Race (2) and Education (83), which led to a total of 84 missing cases for the HNC specific cluster model; History of tobacco use (74).
